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(57) ABSTRACT

Provided are a method of manufacturing a metal oxide and a
substrate for a solar cell. The method of manufacturing the
metal oxide according to the inventive concept includes mix-
ing a metal precursor material, a basic material, amphiphilic
molecules and distilled water to prepare a metal precursor
solution, performing a first heat treatment with the metal
precursor solution to form a metal oxide, and performing a
second heat treatment with the metal oxide to form a pair of
metal oxide disks having a single crystalline structure. A pair
of zinc oxide disks includes a first disk, and a second disk
separated from the first disk in a perpendicular direction to the
first disk.

15 Claims, 4 Drawing Sheets
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METHOD OF MANUFACTURING METAL
OXIDE CRYSTAL AND METHOD OF
FABRICATING SUBSTRATE FOR SOLAR
CELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2013-0094908, filed on Aug. 9, 2013, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosure herein relates to a metal
oxide, and more particularly, to a method of manufacturing
metal oxide used in a solar cell.

As fossil energy is exhausted, researches on alternative
energy are actively conducted. Particularly, researches on
alternative energy using inexhaustible natural phenomenon
such as the sunlight, the wind, etc. are in the limelight.

A solar cell generates electric energy by using light energy
emitted from the sun. The solar cell may be classified into a
solar cell composed of an inorganic material such as silicon or
a semiconductor compound, and a dye-sensitized solar cell in
which dye is adsorbed on the surface of nano-crystalline
oxide particles. The solar cell receives attention as an inex-
haustible energy source and an environment friendly energy
source.

SUMMARY OF THE INVENTION

The present disclosure provides a single crystalline metal
oxide manufactured through a low temperature solution pro-
cess.

The present disclosure also provides a method of manufac-
turing a single crystalline metal oxide for a solar cell on a
mass production basis.

The tasks to be solved by the present inventive concept is
not limited to the above-described tasks, however other tasks
not mentioned will be precisely understood from the follow-
ing description by a person skilled in the art.

Embodiments of the inventive concept provide methods of
manufacturing a metal oxide crystal including mixing a metal
precursor material, a basic material, amphiphilic molecules
and distilled water to prepare a metal precursor solution,
performing a first heat treatment with the metal precursor
solution to form a metal oxide, and performing a second heat
treatment with the metal oxide to form a pair of metal oxide
disks having a single crystalline structure. A pair of zinc oxide
disks includes a first disk, and a second disk separated from
the first disk in a perpendicular direction to the first disk.

In some embodiments, the metal precursor solution may
include metal ion complexes and amphiphilic molecules dis-
posed between the metal ion complexes and having a lamella
structure.

In other embodiments, the amphiphilic molecules of the
lamella structure may include outer layers and inner layers
disposed between the outer layers, and the metal complex
ions may be disposed on the outer layers.

In still other embodiments, the outer layers may exhibit
anionic charge, and the metal complex ions may be cations.

In even other embodiments, hydrophilic functional groups
of the amphiphilic molecules may form the outer layers, and
hydrophobic functional groups of the amphiphilic molecules
may form the inner layers.
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In yet other embodiments, the metal oxide may include
zinc oxide, the forming of the metal oxide may include form-
ing zinc oxide having a hexagonal system, and single crys-
talline zinc oxide may have the hexagonal system.

In further embodiments, the amphiphilic molecule may be
represented by following Formula 1.

[Formula 1]

O\[“/\OtH

HiCoe o
7~
e/
H;C

md O

Wherein, n is an integer of 5 to 15.

In still further embodiments, the metal precursor solution
may include zinc nitrate hexadrate, and the basic material
may include hexamethylenetetramine.

In even further embodiments, the second heat treatment
may be performed at from about 350° C. to about 500° C.

In other embodiments of the inventive concept, methods of
fabricating an electrode for a solar cell include providing a
preparation solution including a zinc precursor, a basic mate-
rial and distilled water, adding amphiphilic molecules into the
preparation solution to prepare a zinc precursor solution,
performing heat treatment with the zinc precursor solution to
form zinc oxide having a hexagonal system, sintering the zinc
oxide to form a pair of single crystalline zinc oxide disks, and
growing the pair of single crystalline zinc oxide disks to form
a zinc oxide crystal film. The pair of single crystalline zinc
oxide disks includes a first disk and a second disk separated
from the first disk in a perpendicular direction to the first disk.

In some embodiments, the zinc precursor solution may
include zinc complex cations, and amphiphilic molecules
disposed between the zinc complex cations. The amphiphilic
molecules may have a lamella structure.

In other embodiments, the lamella structure may include
outer layers including hydrophilic functional groups of the
amphiphilic molecules, and inner layers disposed between
the outer layers and including hydrophobic functional groups
of the amphiphilic molecules.

In still other embodiments, the amphiphilic molecules may
include polyethylene glycol tert-octylphenyl ether.

In even other embodiments, the second disk may have a
size and a shape same as or similar to those of the first disk,
and the second disk may be overlapped with the first disk from
a planar view.

In yet other embodiments, the metal precursor solution
may include zinc nitrate hexadrate, and the basic material
may include hexamethylenetetramine.

The metal oxide of the inventive concept may be manufac-
tured by using amphiphilic molecules. Accordingly, the metal
oxide may have a hexagonal single crystalline structure. The
size and the shape of the metal oxide may be controlled by
controlling the kind, the concentration and/or the amount of
the amphiphilic molecules used.

According to the inventive concept, the crystalline metal
oxide may be manufactured as a solution state at a tempera-
ture condition lower than a vapor deposition method. There-
fore, a film including the single crystalline metal oxide may
be easily produced in a large area. The single crystalline metal
oxide film may be used as an electrode of a solar cell. A solar
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cell including the metal oxide of the inventive concept may
show high photoconductivity and stability.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the inventive
concept and, together with the description, serve to explain
principles of the inventive concept. In the drawings:

FIGS. 1 to 3 are mimetic diagrams illustrating the manu-
facturing process of a metal oxide according to an embodi-
ment of the inventive concept;

FIG. 4 is a cross-sectional view illustrating a metal oxide
film according to an embodiment of the inventive concept;
and

FIG. 5 is a cross-sectional view illustrating a solar cell
according to an embodiment of the inventive concept.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Example embodiments of the inventive concept will be
described below in more detail for sufficient understanding of
the constitution and the effect of the inventive concept with
reference to the accompanying drawings. The inventive con-
cept may, however, be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this description will be thorough and complete, and will fully
convey the scope of the present inventive concept to those
skilled in the art.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting of the present inventive concept. As used herein,
the singular forms are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of'stated features, steps, operations, and/or devices, but do not
preclude the presence or addition of one or more other fea-
tures, steps, operations, and/or devices thereof.

It will also be understood that when a layer (or film) is
referred to as being ‘on’ another layer (or film) or substrate, it
can be directly on the other layer (or film) or substrate, or
intervening layers (or films) may also be present.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various regions,
layers (or films), etc. these regions and layers should not be
limited by these terms. These terms are only used to distin-
guish one region or layer (or film) from another region or
layer (film). Thus, a first layer discussed below could be
termed a second layer. Example embodiments embodied and
described herein may include complementary example
embodiments thereof. Unless otherwise defined, all terms
(including technical and scientific terms) used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this inventive concept belongs.

It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted
as having a meaning that is consistent with their meaning in
the context of the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

Hereinafter, example embodiments will be described in
detail with reference to the accompanying drawings.
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FIGS. 1 to 3 are mimetic diagrams illustrating the manu-
facturing process of a metal oxide according to an embodi-
ment of the inventive concept.

Referring to FIG. 1, a metal precursor material and a
basic material are dissolved in distilled water to prepare a
preparation solution. For example, zinc nitrate hexadrate
(Zn(NO,),*6H,0) may be used as the precursor material, and
hexamethylenetetramine (HMTA, C;H,,N,) may be used as
the basic material. In an embodiment, 0.93 g of zinc nitrate
hexadrate and 0.44 g of HMTA may be added into 250 mL of
distilled water. The basic material may be dissolved in the
distilled water and provide hydroxide ions (OH").

Amphiphilic molecules 200 may be added into the prepa-
ration solution and a metal precursor solution may be pre-
pared. The metal precursor solution may include metal com-
plex ions 300. The metal precursor solution may be an
emulsion state or a suspension state. Each of the amphiphilic
molecules 200 may include a hydrophobic functional group
210 and a hydrophilic functional group 220. The hydrophobic
functional group 210 may be provided at one end of each
amphiphilic molecule 200 as a tail shape. The hydrophilic
functional group 220 may be provided at another end of each
amphiphilic molecule 200 as a head shape. For example,
polyethylene glycol tert-octylphenyl ether represented by the
following Formula 1 may be used as the amphiphilic mol-
ecule. The hydrophilic functional groups 220 of the inventive
concept may exhibit anionic properties. For example, the
alcohol functional group of Formula 1 may exhibit a negative
charge because of the unshared electron pair of oxygen. For
example, the alkyl group and the aromatic group in Formula
1 may play the role of the hydrophobic functional group 210.

[Formula 1]

O\[\/\O‘]: H

H;C
~
“|

H,C
me HiC

CH;

Wherein, n is an integer of 5 to 15, and preferably, may be
10. However, the present invention is not limited thereto.

The amphiphilic molecules 200 may form a lamella struc-
ture in the metal precursor solution and may play the role of
a surfactant. The lamella structure 100 may mean a layer-
shape or a plate-shape structure. The lamella structure 100
may include outer layers 120 and inner layers 110 disposed
between the outer layers 120. The hydrophilic functional
groups 220 may form the outer layers 120. The hydrophobic
functional groups 210 may face to each other and may form
the inner layers 110. However, the structure of the
amphiphilic molecules 200 may not be limited to the lamellar
structure but may form various micelle structures according
to reaction conditions. For example, the micelle structure
formed by the amphiphilic molecules 200 may be controlled
by controlling the component ratio of the amphiphilic mol-
ecules 200 and the metal precursor material.

The metal complex ions 300 may be cations. For example,
the metal complex ions 300 may be a zinc ammonium ion
(Zn(NH,),>*). The metal complex ions 300 may be disposed
adjacent to the hydrophilic functional groups 220 exhibiting
anionic properties. On both sides of the lamella structure 100,
for example, on the outer layers 120, the metal complex ions
300 may be disposed. Accordingly, the amphiphilic mol-
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ecules 200 may play the role of a template of the metal
complex ions 300. The shape and/or the size of the template
may be controlled by controlling the kind and/or the concen-
tration of the amphiphilic molecules 200.

Referring to FIG. 2, a first heat treatment may be performed
with the metal precursor solution, and a metal oxide 301 may
be formed. The metal oxide 301 may have a hexagonal sys-
tem. In this case, the hydroxide ion (OH™) provided from the
basic material may assist the metal oxide 301 so as to have the
hexagonal system. The first heat treatment may be performed
at about 90° C. for about 24 hours. Then, the metal oxide 301
may be washed and centrifuged, and residual material may be
removed. After that, the metal oxide 301 may be dispersed in
a solvent, for example, ethanol.

Referring to FIG. 3, a second heat treatment may be per-
formed with the metal oxide (301 in FIG. 2), and a single
crystalline metal oxide 1000 may be formed. The single crys-
talline metal oxide 1000 may have the shape of a pair of disks.
For example, the single crystalline metal oxide 1000 may
include a first disk 1100 and a second disk 1200 disposed with
a distance from each other. Each of the first disk 1100 and the
second disk 1200 may have a hexagonal system. The second
disk 1200 may have the same or similar shape and size as the
first disk 1100. The second disk 1200 may be overlapped with
the first disk 1100 from the planar view. The single crystalline
metal oxide 1000 may have the diameter of about 3 um and
the height of about 5 pm. The single crystalline metal oxide
1000 may be a single crystal having a (103) face. The second
heat treatment may include an annealing process and a sin-
tering process. For example, a metal oxide (301 in FIG. 2)
may be coated on a substrate (not illustrated). The substrate
(not illustrated) may include a transparent conductive oxide,
for example, fluorine doped indium (FTO). The metal oxide
(301 in FIG. 2) may be spin coated on the substrate (not
illustrated) at a 3,000 rpm condition for 30 seconds. The
substrate (not illustrated) coated with the metal oxide (301 in
FIG. 2) may be secondly heat treated. The second heat treat-
ment may be performed at a higher temperature than the first
heat treatment. For example, the second heat treatment may
be performed at about 350° C. to about 500° C. When the
second heat treatment is performed at a temperature lower
than 350° C., the single crystalline metal oxide 1000 may not
be formed. When the heat treatment is performed at a tem-
perature higher than 500° C., the single crystalline metal
oxide 1000 may not have a desired shape or a desired crys-
talline structure. The amphiphilic molecules (200 in FIG. 2)
having the lamella structure (100 in FIG. 2) may be removed
during the second heat treatment process. Accordingly, a gap
may be formed between the first disk 1100 and the second
disk 1200.

When the single crystalline metal oxide 1000 is formed by
a vapor deposition method (for example, a metal organic
chemical vapor deposition (MOCVD) method or a VLS
growing method), the formation of the single crystalline
metal oxide 1000 in a large size may be inappropriate.
According to the inventive concept, the single crystalline
metal oxide 1000 may be manufactured as a solution state at
a temperature condition lower than the vapor deposition
method. Thus, the single crystalline metal oxide 1000 may be
easily manufactured on a mass production basis.

Hereinafter a metal oxide film and a method of manufac-
turing the same according to an embodiment of the inventive
concept will be described. The repeated contents as those
explained in the above manufacturing embodiment of the
metal oxide will be omitted.

FIG. 4 is a cross-sectional view illustrating a metal oxide
film according to an embodiment of the inventive concept.
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Referring to FIG. 4, afilm F including the single crystalline
metal oxides 1000 may be formed. The single crystalline
metal oxide 1000 may include zinc oxide and have a hexago-
nal system. By growing the single crystalline metal oxides
1000 manufactured as an embodiment of FIGS. 1 to 3, a film
may be manufactured. In an embodiment, the film F may be
manufactured by an electrochemical deposition method. In
this case, a preparation solution including the single crystal-
line metal oxides 1000 may be coated on a substrate (not
illustrated). The preparation solution may be the same as or
similar to that explained in the embodiment referring to FIG.
1. The substrate (not illustrated) coated with the preparation
solution including the single crystalline metal oxides 1000
may be used as a working electrode. A counter electrode may
be a platinum electrode. In this case, the single crystalline
metal oxide 1000 may play the role of a seed. The electro-
chemical deposition of the film may be performed by the
cyclic pulse condition of 20 s per 1 V and 20 s per O V. The
substrate (not illustrated) may be a substrate of a solar cell.
Alternatively, the substrate (not illustrated) may be removed
after forming the film F. In another embodiment, microwaves
may be applied to the preparation solution including the
single crystalline metal oxides 1000. Accordingly, the single
crystalline metal oxides 1000 in the preparation solution may
grow and form a metal oxide film F. In this case, the metal
oxide film F may be rapidly manufactured. According to the
method of the inventive concept, the metal oxide film F may
be easily produced in a large area.

Hereinafter a solar cell including the metal oxide film
manufactured by the inventive concept will be explained. The
repeated contents as that explained above will be omitted.

FIG. 5 is a cross-sectional view illustrating a solar cell 1
according to an embodiment of the inventive concept.

Referring to FIG. 5 along with FIG. 4, a solar cell 1 may
include a substrate 10, a first electrode 20, an electrolyte layer
30 and a second electrode 40.

The first substrate 10 may be one selected from various
transparent substrates including a glass substrate. Alterna-
tively, the first substrate 10 may be an opaque substrate. The
first electrode 20 may include a conductive material, for
example, a transparent and conductive oxide. The electrolyte
layer 30 may be provided on the first electrode 20. The elec-
trolyte layer 30 may have one phase selected from a liquid
phase, a solid phase and a gel. According to the phase of the
electrolyte layer 30, the forming order of the electrolyte layer
30 may be changed. The second electrode 40 may be formed
on the electrolyte layer 30. The second electrode 40 may
include a conductive material, for example, a transparent
conductive material. One of the first electrode 20 and the
second electrode 40 may be an anode, and the other may be a
cathode.

At least one of the first electrode 20 and the second elec-
trode 40 may include the metal oxide film F explained as the
embodiment referring to FIG. 4 above. The metal oxide film
F may include zinc oxide. In this case, the metal oxide may
have an energy band gap of about 3.37 ¢V and an excitation
binding energy of about 60 meV. Accordingly, the solar cell 1
may show high photoconductivity. The first electrode 20 and
the second electrode 40 are stable to ultraviolet light and may
not be damaged by the sunlight when applied in the solar cell
1.

The single crystalline metal oxide according to the inven-
tive concept may be manufactured by using amphiphilic mol-
ecules. The single crystalline metal oxide may have a hex-
agonal shape. The type, concentration, and amount of the
amphiphilic molecules may be adjusted to control the size
and the shape of the single crystalline metal oxide. According
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to the inventive concept, the single crystalline metal oxide
may be manufactured as a solution state at a temperature
condition lower than the vapor deposition method. Thus, a
film including the single crystalline metal oxide may be easily
produced in a large area. The film including the single crys-
talline metal oxide may be used as an electrode forasolar cell.
The solar cell including the single crystalline metal oxide
may show high photoconductivity and stability.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and scope
of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A method of manufacturing a metal oxide crystal, the
method comprising:
mixing a metal precursor material, a basic material,
amphiphilic molecules and distilled water to prepare a
metal precursor solution;

performing a first heat treatment with the metal precursor
solution to form a metal oxide; and

performing a second heat treatment with the metal oxide to
form a pair of metal oxide disks having a single crystal-
line structure, wherein the pair of metal oxide disks
include a first disk, and a second disk separated from the
first disk in a perpendicular direction to the first disk,

wherein the metal precursor solution comprises:

afirstinner layer formed by hydrophobic functional groups
of the amphiphilic molecules;

a first outer layer formed by hydrophilic functional groups
of the amphiphilic molecules;

a second inner layer formed by hydrophobic functional
groups of the amphiphilic molecules, the second inner
layer facing the first inner layer;

a second outer layer formed by hydrophilic functional
groups of the amphiphilic molecules, the first and sec-
ond inner layers being disposed between the first and
second outer layers;

first metal complex ions on the first outer layer; and

second metal complex ions on the second outer layer, the
first and second outer layers being disposed between the
first and second metal complex ions.

2. The method of manufacturing a metal oxide crystal of
claim 1, wherein

the amphiphilic molecules form a lamella structure.

3. The method of manufacturing a metal oxide crystal of
claim 2, wherein the first and second outer layers exhibit
anionic charge, and the first and second metal complex ions
are cations.

4. The method of manufacturing a metal oxide crystal of
claim 1, wherein the metal oxide includes zinc oxide, the
forming of the metal oxide includes forming zinc oxide hav-
ing a hexagonal system, and single crystalline zinc oxide has
the hexagonal system.

5. The method of manufacturing a metal oxide crystal of
claim 1, wherein the amphiphilic molecule is represented by
following Formula 1:

10

15

20

25

30

45

50

[Formula 1]
O H
\[“/\O 1,
n

H;C e

/C
mc”/
H;C

gl CHs

wherein, n is an integer of 5 to 15.

6. The method of manufacturing a metal oxide crystal of
claim 1, wherein the metal precursor solution includes zinc
nitrate hexadrate, and the basic material includes hexameth-
ylenetetramine.

7. The method of manufacturing a metal oxide crystal of
claim 1, wherein the second heat treatment is performed at
from about 350° C. to about 500° C.

8. The method of manufacturing a metal oxide crystal of
claim 1, wherein the first heat treatment is performed at about
90° C. for about 24 hours.

9. The method of manufacturing a metal oxide crystal of
claim 1, wherein the second heat treatment is performed not
lower than 350° C. and not higher than 500° C.

10. A method of fabricating an electrode for a solar cell, the
method comprising:

providing a preparation solution including a zinc precur-
sor, a basic material and distilled water;

adding amphiphilic molecules into the preparation solu-
tion to prepare a zinc precursor solution;

performing heat treatment with the zinc precursor solution
to form zinc oxide having a hexagonal system;

sintering the zinc oxide to form a pair of single crystalline
zinc oxide disks; and

growing the pair of single crystalline zinc oxide disks to
form a zinc oxide crystal film, wherein the pair of single
crystalline zinc oxide disks include a first disk and a
second disk separated from the first disk in a perpen-
dicular direction to the first disk,

wherein the zinc precursor solution comprises:

afirstinner layer formed by hydrophobic functional groups
of the amphiphilic molecules;

a first outer layer formed by hydrophilic functional groups
of the amphiphilic molecules;

a second inner layer formed by hydrophobic functional
groups of the amphiphilic molecules, the second inner
layer facing the first inner layer;

a second outer layer formed by hydrophilic functional
groups of the amphiphilic molecules, the first and sec-
ond inner layers being disposed between the first and
second outer layers;

first zinc complex cations on the first outer layer; and

second zinc complex cations on the second outer layer, the
first and second outer layers being disposed between the
first and second zinc complex cations.

11. The method of fabricating an electrode for a solar cell
of claim 10, wherein the amphiphilic molecules form a
lamella structure.

12. The method of fabricating an electrode for a solar cell
of claim 10, wherein the amphiphilic molecules include poly-
ethylene glycol tert-octylphenyl ether.

13. The method of fabricating an electrode for a solar cell
of claim 10, wherein the second disk has a size and a shape
same as or similar to those of'the first disk, and the second disk
is overlapped with the first disk from a planar view.
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14. The method of fabricating an electrode for a solar cell
of claim 10, wherein the metal precursor solution includes
zinc nitrate hexadrate, and the basic material includes hex-
amethylenetetramine.

15. The method of manufacturing a metal oxide crystal of 5
claim 10, wherein the heat treatment is performed at about
90° C. for about 24 hours.

#* #* #* #* #*
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